Introduction {#sec1}
============

Glycogen storage diseases (GSD) are inherited metabolic disorders involving defects in the enzymes responsible for glycogen synthesis and breakdown \[[@cit0001]\]. There are 11 distinct types of GSD based on different enzyme deficiencies \[[@cit0001]\]. GSD primarily affect the liver, muscle, heart and sometimes the central nervous system \[[@cit0001]\]. GSD are usually diagnosed in infancy or early childhood with hypoglycemia, hepatomegaly, poor physical growth and deranged biochemical profile \[[@cit0002]\]. The overall frequency of GSD in the United States has been estimated to be 1 per 20-25,000 births \[[@cit0003]\] and according to British Columbia it has been estimated to be 1 in every 40,000 \[[@cit0004]\]. No large scale study estimating the incidence of GSD in India has been recorded in the literature, but a study conducted in South India recorded clinical phenotypes of 17 cases \[[@cit0005]\]. Individual case reports of the various types of GSD have also been recorded in the literature. We undertook this study to determine prevalence of GSD among children with liver diseases in western India and determine the clinical profile of these patients.

Material and methods {#sec2}
====================

A retrospective analysis of children with GSD was done after hospital academic council approval. Records of all patients who were referred to a pediatric liver clinic within the period May 2006 to December 2012 were reviewed. All patients diagnosed with GSD on the basis of liver biopsy (histopathology showing glycogen laden cells; PAS (periodic acid-Schiff) positive and diastase sensitive) were included in the study. Subtype of GSD could not be determined as enzyme estimation on liver biopsy could not be done due to non-availability at the time of liver biopsy. All patients had undergone complete blood count, blood sugar estimation, liver function tests and blood gas levels. Records of serum lactic acid, uric acid and triglycerides were present only in some cases. Patients were suspected to have GSD type I if they had hyperlactemia, hyperlipidemia, hyperuricemia with/without hypoglycemia. Patients were suspected to have GSD type Ib if they additionally had neutropenia. Patients were suspected to have GSD type III if they had hepatomegaly with/without hypoglycemia along with hyperlipidemia without hyperuricemia or hyperlactatemia. Pompe's disease was diagnosed if there was associated myopathy and cardiomyopathy. Growth records were noted and patients were determined to be malnourished if weight was less than the 5^th^ centile and stunted if height was less than the 5^th^ centile as per Agarwal's charts \[[@cit0006]\]. Development was determined by Denver's scale \[[@cit0007]\]. Portal hypertension was determined if portal vein size was more than 1 cm on color Doppler of the portal venous system or there were collaterals on color Doppler or esophagogastroscopy (OGD scopy) showed varices. Bilirubin was considered to be elevated if serum bilirubin was more than 1.2 mg/dl. Serum glutamic-oxaloacetic transaminase (SGOT) was considered to be elevated if it was more than 40 IU/l and serum glutamic-pyruvic transaminase (SGPT) was considered elevated if it was more than 25 IU/l. Hypo-albuminemia was determined if serum albumin was less than 3.5 gm/dl. Prothrombin time (PT) more than 2 seconds above control and partial thromboplastin time (PTT) more than 9 seconds above control were considered to be prolonged. Metabolic acidosis was determined if pH was less than 7.3 and bicarbonate was less than 22 mmol/l. Hypoglycemia was determined if blood sugar was less than 60 mg/dl. Neutropenia was determined if absolute neutrophil count was \< 1500 cells/mm^3^. Serum uric acid was elevated if more than 7 mg/dl and triglycerides more than 200 mg/dl were considered to be elevated. Nephromegaly was determined if kidney sizes on ultrasound were more than the reference values for age. Outcome of these patients was recorded.

Results {#sec3}
=======

From a total of 751 cases referred to the clinic, 18 (2.4%) children were clinically diagnosed with GSD with 5 patients suspected to have type I of which 2 were type Ib with neutropenia. Three patients were suspected to have type III GSD and the remainder remained unclassified. No patient was suspected to have GSD type II. Liver biopsy showed plant cell morphology with ballooned hepatocytes containing glycogen, PAS positive in 15 patients and early fibrosis in 3 patients. There was cirrhosis in one patient. Mean age at presentation was 2.3 ±1.3 years, with range of 0.3 months to 5 years. Male : female ratio was 1 : 1. The main presenting features were abdominal distension in 15 (83.3%) patients, large hepatomegaly in all 18 (100%), splenomegaly in 11 (61.1%) patients and jaundice in 2 (11.1%) patients. Four (22.2%) patients had delayed development. Four (22.2%) patients were siblings to an older affected child and were diagnosed on family screening. Only one (5.6%) patient had findings of portal hypertension on color Doppler of portal venous system and 2 (11.1%) patients had ascites. The biochemical profile at the time of presentation is depicted in [Table 1](#t0001){ref-type="table"}. Only 1 (5.6%) patient had elevated bilirubin levels, 17 (94.4%) had elevated SGOT and all 18 (100%) patients had elevated SGPT levels. Of the 13 patients in whom serum albumin records were available, 3 (23.1%) patients were found to have hypoalbuminemia. PT and PTT levels were recorded in 14 patients, out of which 4 (28.5%) patients had elevated PT and 2 (14.3%) patients had elevated PTT. Nine (69.3%) patients of the 13 tested were found to have acidosis. Serum lactate levels were recorded in 5 patients out of which 2 (40%) patients had elevated levels. Of the 11 patients in whom the serum uric acid levels were recorded, only 1 (9.1%) had elevated uric acid. Only 2 (11.1%) patients were found to have neutropenia, 8 (44.4%) patients experienced hypoglycemia and 4 (22.2%) patients had findings of nephromegaly. Fifteen (83.3%) patients were found to be short. None of the patients were found to have cardiomyopathy and only 3 (16.7%) patients were found to suffer from seizures. Three out of 6 patients had hypertriglyceridemia (50%). On follow-up, 1 (5.6%) patient died at the age of 2 years due to hepatic encephalopathy, 9 (50%) patients were lost to follow-up and the remaining 8 (44.4%) patients continued regular follow-ups.

###### 

Biochemical profile of all patients at time of presentation

  Parameter                        Mean ±SD
  -------------------------------- ------------------
  Bilirubin (mg/dl)                1.2 ±1.7
  SGOT (IU/l)                      294.5 ±255.9
  SGPT (IU/l)                      247.8 ±172.5
  Albumin (gm/dl)                  3.9 ±1.4
  PT (s)                           12.6 ±1.7
  PTT (s)                          29.1 ±8.7
  Lactate (mg/dl)                  28.8 ±33.3
  Bicarbonate (mmol/l)             14.7 ±1.8
  Uric acid (mg/dl)                4.2 ±2.1
  Neutrophil count (cells/mm^3^)   9217.2 ±15974.03
  Blood sugar (mg/dl)              91 ±34.7

SGOT -- serum glutamic-oxaloacetic transaminase, SGPT -- serum glutamic-pyruvic transaminase, PT -- prothrombin time, PTT -- partial thromboplastin time

Discussion {#sec4}
==========

To date in the literature no large-scale studies estimating the overall incidence of GSD in India have been recorded. A study conducted in South India reviewed 17 cases of GSD in which the mean age at presentation was 15 months \[[@cit0005]\], which is much lower than the 2.3 years recorded as the mean age in our study. All the patients presented with hepatomegaly and a distinct pattern of swollen hepatocytes. The prevalence rate of clinically detected GSD was 2.3% in our study, as determined from all children with liver diseases referred to our clinic. Thus, the actual prevalence of GSD among the general population could not be determined.

The liver in commonly involved in GSD types I, III, IV, VI and IX. According to the literature, 80% of hepatic GSD cases involve types I, III and IX \[[@cit0008]\]. Symptomatic liver involvement is most commonly seen in GSD types I and III, both of which are characterized by hypoglycemia and hepatomegaly \[[@cit0008]\]. Hypoglycemia is considered as the primary indicator of liver involvement \[[@cit0001]\]. Thus, it is possible to diagnose the type of GSD from its clinical, biochemical and histological features. However, the best diagnosis of the type of GSD can be made by enzyme studies of liver tissue obtained by biopsy \[[@cit0009]\]. In our study, all patients had hepatomegaly and hypoglycemia suggestive of either type I or III, but since we could not do enzyme estimation, we could not confirm the exact subtype of GSD. However, 2 patients did have neutropenia suggestive of subtype Ib in these patients. GSD type Ib is characterized by neutropenia and neutrophil dysfunction along with disturbed glucose homeostasis caused due to deficiency of glucose-6-phosphate transporter \[[@cit0010]\]. Such patients are susceptible to recurrent bacterial infections usually before 1 year of age \[[@cit0001]\]. None of our patients had recurrent infections.

Growth retardation is a remarkable feature in GSD for both types I and III \[[@cit0005]\] which is compatible with over 80% patients found to be of short stature in our study. Besides hypoglycemia and hepatomegaly other striking abnormalities of type I GSD include lactic acidosis, hypertriglyceridemia and hyperuricemia \[[@cit0005]\]. Similar findings were seen in our study.

During infancy, SGOT, SGPT and lactate dehydrogenase (LDH) levels are markedly elevated in type III GSD but the levels decrease with increasing age and decreasing size of the liver \[[@cit0005]\]. In our study 94.4% of patients had elevated SGOT levels and 100% of patients had elevated SGPT levels. Clinically type III GSD may present with muscle weakness, gross motor delay, hypotonia and cardiomyopathy \[[@cit0011]\]. In our study, however, none of the patients showed signs of cardiomyopathy; motor delay was seen in 1 patient and 1 patient suffered from proximal myopathy.

The treatment of GSD is type specific. Treatment for GSD type I and III is primarily dietary and aims at maintaining normal blood glucose levels with frequent meals rich in carbohydrates and corn starch \[[@cit0012], [@cit0013]\] so as to improve the clinical and biochemical status and increase overall life expectancy \[[@cit0013]\]. Similar diet was also prescribed in our patients as most patients were suspected to have either type I or III disease. Death is mostly due to metabolic derangement \[[@cit0013]\]. Also, in older patients progressive renal diseases and liver adenomas that arise as complications with ageing have been reported as the two major causes of morbidity and mortality in older patients \[[@cit0013]\].

Conclusions {#sec5}
===========

Metabolic acidosis, hypertriglyceridemia, short stature, and hypoglycemia are major problems in children with GSD. Most of the patients are referred late at the time of presentation.
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